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INGESTED METAL IN WHOOPING CRANES: AN ENDOSCOPIC TECHNIQUE FOR
REMOVAL AND IMPLICATIONS FOR THE RELEASE PROGRAM
GLENN R OLSEN, l USGS Patuxent Wildlife Research Center, 12302 Beech Forest Dr., Laurel, MD 20708, USA
MICHAEL WISE, 21609 Goshen Oaks Road, Laytonsville, MD 20882 USA

Ahstract: Since 1993 when the whooping crane (Grus americana) release program in Florida started, 21 whooping cranes at
the USGS Patuxent Wildlife Research Center (patuxent) have been diagnosed with gastrointestinal foreign bodies (primarily
metal objects). A technique for safely removing these objects has been developed. The technique uses a flexible gastric
endoscope to enter the proventriculus or ventriculus, and a snare or forceps passed down a channel of the endoscope to retrieve
the foreign bodies. The technique is very successful, with the whooping crane usually back to its pen the next day. The longterm survival of the whooping cranes from which gastrointestinal foreign bodies were removed was comparable to the survival
of whooping cranes released with no history of gastrointestinal foreign bodies.
PROCEEDINGS NORTH AMERICAN CRANE WORKSHOP 8: 198-202
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including enteritis, varying degrees of anorexia, weight loss,
dehydration, lethargy or depression, and even respiratory
signs if the object has penetrated into one of the air sacs.
Beginning in 1996, we have been using a gastric endoscope to remove metal foreign bodies from whooping cranes
that are part of a release program in central Florida. Here we
compared the survival of these cranes post-release with
survival of cranes that did not ingest any metal foreign
bodies.

Many birds ingest various hard objects, especially stones,
to help them grind and digest food. Indeed, stones or grit as
it is often called in seed-eating birds are not considered
ingested foreign bodies, but rather a part of the natural
physiological process seen in some avian species. However,
at times birds will ingest inappropriate or even harmful
objects. This has been documented in a variety of avian
species including a kiwi (Apteryx australis, Gasthuys et al.
1987), severe macaw (Ara severa, Cannon 1992), juvenile
psittacines (Bond 1991, Altman 1992, Flammer and Clubb
1994), juvenile umbrella cockatoos (Cacatua alba, Speer
1998), a black-capped lory (Lorius lory, Calle and Ensley
1986), ostriches (Struthio camelus, Stewart 1991, Honnas et
al. 1991, 1992), and a Sarus crane (Grus antigone, Bush and
Kennedy 1978). The most problematic ingestion of harmful
foreign bodies has been lead ingestion by wild (and sometimes captive) waterfowl. This eventually led to the ban on
the use of lead shot for hunting waterfowl and, in some areas,
lead sinkers used for fishing.
Cranes, because of their inquisitive nature, seem more
likely than most species to ingest harmful foreign bodies,
especially metal objects. Sometimes, such as in the case of
stainless steel circular wire fasteners used in fence construction and called hog rings, no harmful effects are associated
with such incidents. At other times, the ingested metal object
may prove toxic when it is ground in the ventriculus, or the
object may penetrate the gastrointestinal lining or cause an
obstruction. Then we see a clinically ill crane with signs

METHODS

Whooping cranes, especially juveniles, very often ingest
metal foreign bodies (Olsen and Carpenter 1997, Olsen et al.
1996a). To identify these objects, in 1993 we radiographed
all whooping cranes prior to release. Because we had only the
capability of doing ventriculotomies, a highly invasive
surgery with a long recovery time, in 1993 we did not remove
those metal objects that posed no apparent health threat. We
performed a ventriculotomy only when we considered the
gastrointestinal foreign body to be a major threat to the health
of the crane.
Starting in 1996, we began to radiograph all whooping
crane juveniles from 1 to 3 times between the summer of their
hatch year and their shipment to Florida for release. Our
standard procedure currently calls for routine survey radiographs of all whooping cranes on their 15-day preshipment
examination, plus at least 1 other time earlier in the year
(Olsen et al. 1996b). If a metal foreign body is seen on a
radiograph (Figs. 1 and 2), we evaluate its size, shape, and
density to determine need for removal. Small pieces of metal,
less than 5 mm long, are sometimes left in the ventriculus,
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Fig. 1. Lateral radiograph of a whooping crane with a metal
foreign body (stainless steel hog ring) in the ventriculus. The
metal hog ring was removed using the techniques describe in
this article.

because these objects can be extremely difficult to locate
among the stones and other debris in the proventriculus or
ventriculus.
Whooping cranes with larger gastric metal foreign bodies
are moved to a pen at the veterinary hospital and given only
water for the next 48 hr to attempt to empty the
proventriculus and ventriculus of food. Each animal is
sedated with isofiurane, 4-5% given by mask, then intubated
and maintained at 1-3% isoflurane with an oxygen flow rate
of 211m. Initially, we did not inflated the endotracheal tube
cuff, but following several incidents where gastric fluids
entered the trachea around the endotracheal tube and caused
tracheitis, we started inflating the cuff with 1-2 ml of air.
Thereafter, we encountered no further problems. We have
also used an endoscope to examine the tracheal mucosa after
using the cuffwithout detecting signs of pathology caused by
the inflated endotracheal tube cuff.
The procedure is performed using an Olympus 4 channel
gastric endoscope (Olympus America, Melville, New York,
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Fig. 2. Lateral radiograph of a whooping crane with a large
round metal foreign body (a drain cover from a drinking cup
used in the crane pens). This object was swallowed by the
whooping crane and discovered on radiographs. The object was
removed using the endoscopic techniques described in this
article.

USA). The endoscopic procedure is viewed on a video
monitor. We have the capability to record the procedure
using VHS fonnat cassettes or to make color photographs.
Metal foreign bodies are retrieved with either a grasping
forceps or a basket forceps. Sometimes, in order to locate
small pieces of metal, it is necessary to roll the crane from
side to side, thus shifting the gastric material. At other times,
when ingesta is still present in quantities large enough to
obstruct viewing the metal objects, we flush the ventriculus
with wann water.
Once all the metal foreign bodies are removed, we rinse
the patient's mouth and begin recovery. Cranes are given
100-120 ml oflactated Ringer's solution, either halfintravenously and half subcutaneously, or all subcutaneously. Once
the patient is standing again on its own, it is returned to a 4
x 4 m hospital pen. After several hours, or sometimes after
an overnight stay, the crane is returned to its original pen.
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The quarantine and release procedures both at Patuxent
and at the release site in Florida are described by Olsen et al.
(1996b). PersoIUlel of the Florida Fish and Wildlife Conservation Commission monitor the release cranes and identify
the date of death. Survival time was calculated in days from
the release date to the date of death, or through 22 December
1999 for whooping cranes alive on that date.
Survival results were compared between those cranes
diagnosed with ingested metal objects at Patuxent prior to
shipping to Florida and those cranes without metal gastrointestinal foreign bodies. We analyzed the I-year survival post
release using SAS, specifically the PROC LIFETEST. We
censored all cranes surviving beyond 1 year (i.e., the crane
was alive at the end of the I-year study period used for the
statistical analysis). The log-rank test was used to evaluate
significance.

RESULTS
In 1993-94, seventeen 1993-hatch-year whooping cranes
raised at Patuxent were released in Florida. Three of these
cranes were diagnosed with metal gastric foreign bodies.
Because the cranes were radiographed shortly (2 weeks)
before release and because the metal objects appeared nonthreatening, no attempt was made to remove the metal foreign
bodies. The 3 cranes released with metal gastric foreign
bodies survived for a mean of 136 days (range 16-196 days,
standard deviation [SD] = 104 days). Of the other 14 cranes,
we have good records on 11 (1 was brought into captivity
after colliding with a fence and 2 are missing). The whooping cranes released with no metal foreign bodies have a mean
survival of 636 days (range 2-2199 days, SD = 968) with 3
still alive at the end of the reporting period (22 December
1999).
No attempt was made to consistently identify metal
ventricular foreign bodies in 1994 or 1995 hatch year whooping cranes. In 1996, with the development of the technique
for endoscopic removal of metal ventricular foreign bodies,
we began routinely radiographing all whooping cranes
scheduled for release in Florida. That year, 17 whooping
cranes were released, 2 had metal removed by endoscopy.
These 2 birds had a mean survival of 507 days (range 4-1009
days, SD = 711 days) with 1 crane still alive at the end of the
reporting period (22 December 1999).
Of the 15 cranes with no metal, we know the fate of 13.
These 13 whooping cranes with no metal foreign bodies had
a mean survival of633 days (range 6-1058 days, SD = 432
days) with 6 still alive at the end of the reporting period (22
December 1999).
For the 1997 hatch year whooping cranes, 3 were
diagnosed with metal and all metal was removed by endoscopy. Twelve whooping cranes had no metal ventricular
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foreign bodies. The 1997 hatch year birds that were diagnosed with metal gastric foreign bodies had a mean survival
of 215 days (range 7-631 days, SD = 360 days) with 1 bird
still alive at the end of the reporting period (22 December
1999). The 12 cranes with no metal gastric foreign bodies
had a mean survival of 89 days (range 5-665 days, SD = 190
days) with 1 bird still alive at the end of the reporting period
(22 December 1999).
In 1998, 9 of 19 whooping cranes were diagnosed with
metal ventricular foreign bodies. Two of these cranes were
released with small pieces of wire remaining in the
ventriculus despite attempts to retrieve them endoscopically
(Table 1). For these 2 cranes, mean survival was 154 days
(range 5-302 days, SD = 210 days) with 1 still alive at the
end of the reporting period (22 December 1999). The mean
survival for the 7 whooping cranes diagnosed with metal and
having all metal removed, was 253 days (range 5-345 days,
SD = 122 days) with 3 still alive at the end of the reporting
period. For the 10 whooping cranes with no metal in the
gastrointestinal track, mean survival was 225 days (range
3-345 days, SD = 137 days) with 6 still surviving at the end
of the reporting period. One whooping crane in this group
was missing at the end of the reporting period. Table 2
summarizes mean survival data by year.
A variety of metal objects have been retrieved from the
ventriculus' of whooping cranes since 1993 (Table 1). The
largest was a drain cover from a water cup, approximately 2.5
em in diameter (Fig. 2). No complications were experienced
after the endoscopic procedures.
Statistical analysis was performed using the survival data
for each year and the PROC LIFETEST on SAS. For 1993,
1996, and 1997, the survival to I year of whooping cranes
after endoscopy was comparable to the survival of cranes with
no ingested metal. There was no significant differences in the
log-rank results for these 3 years (1993, P = 0.6917; 1996, P
= 0.3966; 1997, P = 0.7300). For 1998, there were 3 groups,
whooping cranes with ingested metal objects removed,
Whooping cranes with ingested metal objects not removed,
and whooping cranes with no ingested metal objects. Again,
there were no significant differences among the 3 groups
when comparing survival to 1 year (P = 0.9405). Finally,
because there appeared to be no year effect, we combined data
for all 4 years. Again, no significant difference was found for
survival comparisons (P = 0.7945).

DISCUSSION
No significant differences were found when comparing
survival for whooping cranes released with a history of metal
ingestion and those without ingested metal. Survival ranged
widely for all groups of cranes (see Table 2). Only in the first
year (1993, Table 2) was there a large difference, but still not
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Table 1. Descriptions of the gastrointestinal foreign bodies found in whooping cranes at the USGS Patuxent Wildlife Research
Center, 1993, 1996-98.
Outcome

Gastrointestinal Foreign Bodies'
Year

Crane
Number

1993

015

1993

100

1993

102

1996

017

1996

069

1997

018

1997

021

1997

<2cm
metal

>2cm
metal

hogring

plastic

unlmovm

removed

6

7

021

2

2

1998

009

2

1998

010

9

1998

025

1998

032

1998

059

1998

104

1998

111

1998

034

1998

115

4

2

2

passed

remaining

15
3

6

8

2
10

9
4

3

4

• A search was made for all classes: only those items found are reported.

significant (P = 0.6917), between those whooping cranes that
had metal ingestion (mean survival l36 days) and those
without ingested metal (mean survival 636 days). Recall that
in 1993 no objects were removed from the 3 cranes where
metal was diagnosed. In 1994-95, no consistent protocol was
followed to diagnose or remove ingested foreign bodies.
However, beginning in 1996 and thereafter, the metal
ventricular foreign bodies were removed endoscopically.
Still, survival differences between those whooping cranes
from which metal foreign bodies had been removed and those
without metal were not statistically significant (1996,
metal-mean survival 507 days, no metal-mean survival
633 days, P = 0.3960; 1997, metal-mean survival 215 days,
no metal-mean survival 89 days, P = 0.7300; 1998,
metal-mean survival 253 days, no metal-mean survival
215 days, some metal removed but some remaining-mean

survival 154 days, P = 0.9405).
As with many surgical procedures, there is some risk of
complications from the anesthesia or the surgical procedure
itself. Such a loss would be considered unacceptable in an
otherwise healthy endangered crane. Therefore, our study did
not include any true controls (Le., whooping cranes that had
no gastrointestinal foreign bodies but did have the endoscopic
surgical procedure). As a result, we were limited to comparing whooping cranes with ingested metal and endoscopy to
those without ingested metal and without endoscopy. Because
endoscopy had no detectable adverse effects on the whooping
cranes, either post surgically or long-term, we recommend the
technique for solving the problem of metal ingestion by
juvenile whooping cranes in captivity and for release. The
technique should be coupled with a vigilant effort to remove
all metal objects from the pens of whooping cranes.
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Table 2. Post-release survival in Florida by year for whooping
cranes with gastrointestinal foreign bodies as compared to
cranes without metal foreign bodies through 22 December 1999.

Metal
gastroYear intestinal
object

Survival in days

Number
alive at
study
end

Removed

n

No

3

136

104 16-196

0

11

636

968 2-2136

3

2

507

711 4-1009

13

633

432 6-1058

3

215

360

7-631

12

89

190

5-665

Mean SD Range

1993

Yes

1993

No

1996

Yes

1996

No

1997

Yes

1997

No

1998

Yes

Yes

7

253

122

5-345

1998

Yes

No

2

154

210

5-302

1998

No

10

225

137

3-345

Yes

Yes

6

3

6
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